Objectives: This study empirically assesses the impact of the changes in women's characteristics, empowerment, availability and quality of health services on woman's decision to use antenatal care (ANC) and the frequency of that use during the period 2000-2008. Study Design: The study is a cross-sectional analytical study using 2000 and 2008 Egypt Demographic and Health Surveys. Methods: The assessment of the studied impact is conducted using the Zero-inflated Negative Binomial Regression. In addition, Factor Analysis technique is used to construct some of the explanatory variables such as women's empowerment, the availability and quality of health services indicators. Results: Utilization of antenatal health care services is greatly improved from 2000 to 2008. Availability of health services is one of the main determinants that affect the number of antenatal care visits in 2008. Wealth index and quality of health services play an important role in raising the level of antenatal care utilization in 2000 and 2008. However, the impact of the terminated pregnancy on receiving ANC increased over time. Conclusions: Further research of the determinants of antenatal health care utilization is needed, using more updated measures of women's empowerment, availability and quality of health services. In order to improve the provision of antenatal health care services, it is important to understand barriers to antenatal health care utilization. Therefore, it is advisable to collect information from women about the reasons for not receiving antenatal care.
Introduction
Even though significant progress has been made in reducing maternal deaths globally since the 1990s, maternal mortality is unacceptably high. About 800 women die from pregnancy-or childbirth-related complications around the world every day. In 2013, 289,000 women died during and following pregnancy and childbirth. Almost all of these deaths occurred in low-resource settings, and most could have been prevented [1] .
Antenatal care (ANC) remains one of the Safe Motherhood interventions that if properly implemented has the potential to significantly reduce maternal and perinatal mortalities. There is wide recognition that one of the major factors contributing to the high rate of adverse birth outcomes is the low use of antenatal and maternal health services [2] .
While much has been written on the determinants of antenatal health care utilization in many countries [3] - [6] , comparatively little is known about the determinants of the frequency of antenatal care visits [7] - [9] . The objectives of this study are twofold: First, the study seeks to examine the prevalence of ANC according to background characteristics, women's empowerment, availability and quality of health services in 2000 and 2008. Second, it aims at determining the impact of the changes in women's characteristics, empowerment, availability and quality of health services on number of ANC visits utilizing the Zero-inflated negative binomial regression in 2000 and 2008.
Data and Methods

Data
The study is a cross-sectional analytical study that depends on data derived from the Egypt Demographic and Health Surveys (EDHS 2000 and 2008) . These surveys were conducted on behalf of the Ministry of Health [MoH], by El-Zanaty and Associates. The sample for the EDHS was selected randomly in three stages. The first stage included selecting the towns in urban areas and villages in rural areas. The second stage involved dividing the chosen towns and villages into parts of roughly equal population size then estimate of the number of households in each part. The third stage involved selecting the household sample. The EDHSs covered representative samples of 15,573 and 16,527 ever married women in the age group of 15 -49 years in 2000 and 2008 respectively. Only married women aged 15 -49 whose last birth was during the five-year period before each survey are included in the analysis because data about antenatal care was collected from only this sub-sample. They amounted to 8001 and 8036 women in 2000 and 2008 respectively.
Methods
Since the dependent variable namely, number of antenatal care visits, is considered count data, Poisson or negative binomial regression is used to analyze count data. To account for a large number of observations whose value is zero, Lambert (1992) suggested using "zero-inflated" count models. These are two-step models. The first step is used to model the probability of belonging to the zero-group vs. the non-zero group (a binary process) while the second step is a traditional count model (either Poisson or negative binomial regression) [10] [11] . In our data, the number of zeros is excessive where there are about 44 and 26 percent of women who did not receive antenatal health care in 2000 and 2008 respectively. Thus, the zero-inflated negative binomial model (ZINB) is used.
The explanatory variables are the place of residence, region, work status, age, wealth index, women's education, exposure to media (newspaper, TV and radio), husband's education, women's empowerment, and availability and quality of health services. To construct the wealth index variable, each household asset for which information was collected in the survey was assigned a weight or factor score generated through principal components analysis, and the resulting asset scores were standardized. The EDHS households were then assigned a standardized score for each asset, where the score differed depending on whether or not the household owned that asset. The scores were summed by household. Individuals were ranked according to the total score of the household in which they resided and divided into population quintiles, i.e., five groups with the same number of individuals in each.
The three variables women's empowerment, availability and quality of health services need special treatment as they are not readily available in the data used. The study constructs composite indicators to express them. These composite indicators are created by Exploratory Factor Analysis technique (EFA). There are several methods for obtaining factor extraction and rotation. This study uses principal component as an extraction method and VARIMAX as a rotation method.
The variables used to construct women's empowerment indicator are the participation of women in making decision about major household purchases namely daily household purchases, her health care, visiting family or relatives, how her husband's earnings (last variable only in 2008 EDHS) and her money are used, and the use of contraception. In addition, there are some other variables which represent whether or not it is a big problem for women to go to the doctor alone or even to get a permission to go to the doctor. Using these variables, Factor Analysis Technique is used to construct the indicator of women's empowerment in 2000 and 2008. Four factors are extracted and they explain about 73 and 71 percent of the total variations among the data in 2000 and 2008 respectively. Table 1 shows the rotated factor loadings for these factors. Internal consistency among all these variables is high (Cronbach's Alpha = 0.68 and 0.71 in 2000 and 2008 respectively).
The results of the factor analysis show that the first factor includes five variables that explain women's empowerment in making decision namely; decision making about major household purchases, visits her family or relatives, her health care, daily household purchases, and how her husband's earnings is used (last variable only in 2008 EDHS). This factor explains about 27 percent of the variation whether in 2000 or 2008 EDHS and it represents "Making daily decisions". The second factor includes two variables, current contraceptive use and making decision about contraceptive use. This factor explains about 19 and 17 percent of the variation in 2000 and 2008 respectively, and it represents "Decision about contraceptive use". The third factor involves two variables, work status and making decision about how her money will be used. This factor explains about 16 percent of the variation whether in 2000 or 2008 EDHS and it represents "Control over her finances". The last factor includes two variables, getting permission to go to doctor and going to doctor alone. This factor explains about 11 percent of the total variation whether in 2000 or 2008 EDHS and it represents "Freedom of movement".
In EDHS, women were asked to mention whether or not there is a problem on some issues related to the availability of health services. These issues are about distance to the health facility, having to take transportation, and availability of female health provider (because some women do not prefer male health provider in Egypt). Factor Analysis Technique is used to construct the availability of health services indicator using the previous variables. One factor is extracted and this factor explains about 64 and 59 percent of the total variations among the data in 2000 and 2008 respectively and it represents the availability of health services. Internal consistency among these variables is moderate (Cronbach's Alpha = 0.68 and 0.56 in 2000 and 2008 respectively). Similarly, women who reported that they received antenatal care, tetanus toxoid injections, or other medical care unrelated to the pregnancy are asked whether they were weighed, their blood pressure measured, and urine and blood samples taken during any of the visits they made to a medical provider during their pregnancy. Those women are also asked whether they had been told about the signs of pregnancy complications, and, if they were told, whether they received any information about where to go if they experienced any complications. Finally, women are also asked whether they were given or had bought iron tablets or syrup. Using Factor Analysis Technique, two factors are extracted from these variables and they explain about 71 and 65 percent of the total variations among the data in 2000 and 2008 respectively. Table 2 shows the rotated factor loadings for these factors. Internal consistency among all these variables is high (Cronbach's Alpha = 0.81 and 0.74 in 2000 and 2008 respectively).
The results of the factor analysis show that the first factor includes the following four variables: blood and urine sample taken, blood pressure measured, and woman was weighted. This factor explains about 53 and 47 percent of the variation in 2000 and 2008 respectively and it represents "content of antenatal care". The second factor includes the following two variables: woman was told about the signs of pregnancy complications and given or bought any iron tablets or syrup. This factor explains about 17 and 18 percent of the variation in 2000 and 2008 respectively and it represents "treatment with complications".
Results
According to WHO, a pregnant woman is considered to have received regular antenatal care if she mentioned that she had made at least four visits to a trained medical provider [12] . Almost 39 percent of women under consideration in the study in 2000 received regular antenatal care, while this percentage increased to 67 percent of women in 2008. Table 3 shows the prevalence of antenatal health care utilization according to background characteristics in 2000 and 2008. In addition, chi-square test is used to determine the significance of the relationship between antenatal health care and these characteristics. The results indicate that there is a statistically significant association between receiving regular antenatal heath care and place of residence, region, current age, women's education, husband's education, exposure to media and wealth index. For example in 2008, only 42 percent of women who are in the poorest quintile received regular antenatal care, while this percentage increased to 90 percent among women who are in the richest quintile. According to Table 3 , the significance differences between 2000 and 2008 for each variable are examined by differences in Proportion Test. The results show that there are significant differences between 2000 and 2008 for each variable in receiving regular ANC. For example, only 28 percent of women in 2000 who live in rural areas received regular antenatal care, while this percentage increased to 59 percent of women in 2008. These results indicate that the changes in women' characteristics between 2000 and 2008 affect significantly the receiving of regular ANC during this period. The study estimates the zero-inflated Negative Binomial (ZINB) model and the significant variables of the model are shown in Table 4 . The coefficients of the output of the ZINB are interpreted as follow: the expected number of antenatal care visits changes by exp (coefficient) for each unit increase in the corresponding predictor while holding all other variables in the model constant [13] .
The ZINB regression generates two separate models and then combines them. First, a logit model is generated for the certain zero cases predicting whether or not a woman would be in this group. Then, a negative binomial model is generated predicting the counts for those women who do not have zeros in their outcome variable. Finally, the two models are combined. However, both models should be specified: first the count model, then the model predicting the certain zeros [13] , since there is interest in predicting the existence of excess zeros, (i.e., the probability that a woman will have zero visit) in addition to predicting the number of antenatal visits. Inflation equation refers to the logistic model which predicts whether or not a woman takes the value zero (did not receive antenatal care).
The results show that wealth index has a positive significant impact on number of antenatal care visits in 2000 and 2008. For example, the expected number of antenatal care visits for woman in the richest quintile is 1.41 and 1.24 times the expected number of antenatal care visits for woman in the poorest quintile while holding all other variables in the model constant in 2000 and 2008 respectively. Additionally, regarding the inflation model, the results show that the wealth index has a negative impact on the probability that women will have a zero visit. The probability of woman to be in the zero group decreases by 63 and 74 percent if it is in the richest quintile compared with woman in the poorest quintile in 2000 and 2008 respectively. As a result, the higher level of wealth index, the less likely the woman has a zero visit, and the higher predicted number of antenatal care visits in both 2000 and 2008.
The results of the fitted model show that the quality of health services has a positive impact on the number of antenatal care visits in 2000 and 2008. The expected number of antenatal care visits increases by almost one visit if the indicators of quality of health services increase by one unit while holding all other variables in the model constant. Additionally, the higher level of indicators of quality of health services, the less likely the women have zero visit.
The findings of this study show that the current age of women has a negative significant impact on the number of antenatal care visits in 2008. Increasing the current age of women by one year will decrease the expected number of antenatal care visits by almost one visit after controlling all other variables constant. On contrast, age of women does not affect the number of ANC visits in 2000. Additionally, regarding the inflation model, the higher the women's age, the more likely the women have zero visits in 2000 and 2008. Accordingly, women with higher age are less likely to go to receive antenatal care in 2000 and 2008 but less likely to increase the number of visits only in 2008.
The exposure to a terminated pregnancy (spontaneous miscarriages) has a significant impact on the number of antenatal care visits and the probability that women will have zero visits. The probability of woman to be in the zero group decreases by 21 and 48 percent if the woman had a terminated pregnancy in comparison with the woman did not have a terminated pregnancy in 2000 and 2008 respectively. Accordingly, the exposure to a terminated pregnancy increases the probability of receiving antenatal care and increases the number of antenatal care visits. However, the impact of the terminated pregnancy on receiving ANC increased over time due to the improvement in woman's awareness over time by the importance of ANC that can prevent any other pregnancy termination.
It can be noticed that region has a significant impact on the number of antenatal care visits. Table 4 shows that the expected number of ANC visits for woman from rural or urban Upper Egypt and frontier governorates are less than the expected number of ANC visits for woman from urban governorates. Moreover, the region has a significant impact on the probability that women will have a zero visit. For example, women from rural Upper Egypt are two and four times more likely to receive a zero visit than women from urban governorates in 2000 and 2008 respectively. This indicates that place of residence have higher impact on receiving ANC in 2008 than in year 2000.
As shown in Table 4 , women's education increases the number of antenatal care visits in 2000, while woman with only university education or higher has significant impact on number of antenatal care visits in 2008. The percentage of educated women in year 2000 is very few, where only 30 percent of women have secondary education or more. Accordingly, increasing woman's education level will affect significantly the number of ANC visits. On the other hand, women' education levels increased in 2008, thus the university level is the only level that has significant impact on number of ANC. Additionally, regarding the inflation model, the results show that women's education and husband's education have a negative significant impact on the probability that woman will have a zero visit. The probability of woman to be in the zero group decreases by 47 and 43 percent if the woman has higher education in comparison with woman with no education in 2000 and 2008 respectively. Table 4 , the availability of health services has a positive impact on the number of antenatal care visits only in 2008. The expected number of antenatal care visits increases by almost one visit if the availability of health services increase by one unit while holding all other variables in the model constant. Additionally, at only 2008 the higher level of availability of health services, the less likely the women have zero visit. In 2000, the health services are not widespread as in 2008 and suffer from the absence of the antenatal care services, for that reason, the availability of health services variable is not significant in 2000, but it has a significant impact on increasing the number ANC visits in 2008. Table 4 shows that only the freedom of movement from the indicators of women's empowerment has a positive impact on the number of antenatal care visits in 2000. The expected number of antenatal care visits increases by almost one visit if the level of freedom of movement increases by one unit.
As shown in
Vuong test compares the zero-inflated negative binomial model to a standard negative binomial model [13] . Because the z-value is significant, the Vuong test shows that the zero-inflated negative binomial is a better fit than the standard negative binomial. Also, the likelihood ratio test compares the zero-inflated negative binomial model versus the zero-inflated Poisson model [13] . A significant likelihood ratio test for alpha = 0 indicates that our data is over dispersed and that a zero-inflated negative binomial model is more appropriate than a zero-inflated Poisson model.
Discussion
The results indicate that the availability of health services has a positive impact on antenatal care attendance and the frequency of its use at only 2008. This indicates that the government has succeeded in making health services more accessible during the period 2000-2008 as well as female health workers, who visit women in their houses and increase their awareness of receiving antenatal care, became more available. This finding is supported by a study in Haiti and Ghana where they found that distance influences antenatal care attendance and any increase in distance to the nearest health facility led to fewer antenatal visits [2] [14] .
Consistent with the general findings of earlier studies [6] - [8] [15] [16] , household wealth is an important predictor of both antenatal care attendance and the number of antenatal care visits. It is proved that high economic status has a positive relationship to the number of antenatal care visits at 2000 and 2008. The results that women living in the poorest regions of a country are less likely to access antenatal care than those living in the non-poor regions may reflect remoteness, poor road and health infrastructure, limited access to information, poor access to health services and strong adherence to traditional values [5] . In addition, women from high economic status can often afford to pay for health services and any associated travelling costs.
Women's age is found to have a negative impact on antenatal care attendance and the repeated visits. These findings agree with the literature in India, it is proved that the younger mothers are more likely to receive antenatal health care than older mothers [17] .
Consistent with previous research, the likelihood of using any antenatal care and the repeated visits are both strongly influenced by the level of education of the pregnant woman and that of her husband [4] [5] [8] [14] [15] . A higher level of education would increase the woman's knowledge, awareness and effectiveness of antenatal services and the consequences. This knowledge could influence her healthcare decision-making. Lack of knowledge of obstetric complications was associated with underutilization of antenatal services in Indonesia [18] .
A significantly positive relationship is observed between the quality and utilization of antenatal care in 2000 and 2008. This confirms previous studies in India and Egypt which showed that the higher level of quality of health services, the higher level of antenatal care utilization [9] [19] .
Conclusions
This study tries to examine the impact of the changes in women's characteristics and availability and quality of health services on number of antenatal health care visits utilizing the Zero-inflated negative binomial regression in 2000 and 2008. To achieve the goals of this study, indicators of women's empowerment, availability and quality of health services are constructed using factors analysis technique. The results indicate that the utilization of antenatal health care services is greatly improved from 2000 to 2008.
The findings show that the availability of health services is one of the main determinants of number of antenatal care visits only in 2008. Therefore, it is important that public health strategies take into account the availability and accessibility of health services. Overall, the quality of health services is found to be an important predictor of antenatal care attendance and the repeated visits in 2000 and 2008. Therefore, it is important to collect information about how women who had antenatal care are satisfied with the services offered to them and the problems they face during receiving the antenatal care to solve these problems and improve the quality of the services.
It can be noticed that wealth index plays an important role in raising the level of antenatal care utilization in 2000 and 2008. For that reason, more governmental intervention is advised to improve women's economic status and increase their awareness of the risks they might be exposed in order to encourage them to utilize antenatal health care services. Moreover, many non-governmental organizations have targeted poor women to promote the use of antenatal care and the frequency of its use by expanding maternal health programmes, especially in those areas with a poor health infrastructure or suffering from extreme poverty.
Overall, the education level of both mothers and their partners are found to be an important predictor of the decision to seek antenatal care services. Also, women from rural or urban Upper Egypt receive antenatal care less than women from urban governorates. Therefore, health promotion programs about antenatal care are advisable to target less educated women and women at Upper Egypt for increasing community awareness about the necessity of antenatal services.
Further research of the determinants of antenatal health care utilization is needed, using more updated measures of women's empowerment, availability and quality of health services, which are advised to draw more robust empirical results. Reasons for not receiving regular antenatal care are not recorded in DHS. In order to improve the provision of antenatal health care services, it is important to understand barriers to antenatal health care utilization. Therefore, it is advisable to collect information from women about the reasons for not receiving antenatal care. In addition, it is suggested to use the most recent DHS data in 2014 once available, for public use, to update the trends and patterns in antenatal care services.
